Abstract. Carbon fibres and Kevlar fibres are among the commonly used fibres in the composite industry. As carbon fibres usually known for its superior strength, its low impact resistance limited its application in the industry. However, further research found that combining the high strength fibres with more ductile fibres like Kevlar could improve the material's impact resistance. This hybrid effect was also found to be most effective by using intra-ply woven hybrid fibres in the composite. In this work, hybrid composite material was fabricated by using woven carbon-Kevlar cloths with epoxy matrix and the mechanical properties are determined at 0 , 45 ̊ and 90 . The hybrid composite material was found to have highest tensile strength at 0 ̊ (carbon) direction. As the material's strength and tensile behaviour are different at every fibre types, the selection of fibre direction of the woven cloth in loading is an important criteria in any applications.
Introduction
Hybridizing is one of the new concepts in developing composite materials for all engineering areas. Researches on hybrid composites materials started since the 1970's. These materials usually consist of two or more types of fibre in one type of matrix or one type of fibre reinforced in hybrid matrices. The main objectives of developing the hybrid composite materials is to improve the materials' properties that do not reach specific requirements by only using a single type of fibre.
One of the methods of hybridizing the composite materials is by stacking up different types of fibres with different orientation to get the most optimized properties of composite like all the works done in [1] - [6] . From all the results in these works, it was found that the Young Modulus increased linearly to the composition of the more brittle fibres. Meanwhile, woven fibres hybrid composite were used in work [3] , [5] and [6] . These works showed that hybrid composites recorded to have higher tensile strength and tensile modulus when the higher strength woven fibres cloth placed at the inner layer of the composite laminates. As all the work reviewed before were using one type of fibre cloth, work done in [7] used single fibre cloth that contains two types of fibres weaved together (Intra-ply). Pegoretti [7] investigated the effect of intra-ply and inter-ply of fibre clothes used in the composite materials to its tensile and impact properties. It was showed that composites with intra-ply fibres sequences recorded the best impact resistance, compared to the inter-ply and homogeneous composites. The intimate mixed of the two different fibres that can prevent the propagation of crack efficiently might cause this result.
From all the works reviewed, well-rounded materials were formed through hybridization but in doing so, it becomes necessary to establish mechanical properties in different fibre orientation pertaining to the composite laminate especially for woven hybrid composite. The objective of this study is to investigate the tensile properties of woven carbon-Kevlar (intra-ply) fibre hybrid composite. The results are presented on the material's tensile strength, tensile modulus and tensile failure modes.
Experimental
Fabrication of Composite. Fibres used in this work are woven 3K carbon fibres with Kevlar-29. The carbon fibres were in the warp direction and Kevlar fibres as the weft. The density of the woven cloth is 180g/m 2 and 10 plies of woven carbon-Kevlar cloth were used in the fabrication process. The matrix of the composite was made of EpoxAmite 100 base epoxy resin, combined with the EpoxAmite 103 slow hardener.The composite materials in this work were fabricated by vacuum infusion method. Ten layers of carbon-Kevlar were laid up on a glass surface, covered with peel-ply and mesh sheets and sealed together with vacuum bag. A vacuum pump with resin trap was connected to the outlet tube of the laminate and the resin was infused into the fibre clothes. The laminates were set to cure in room temperature for 24 hours in vacuumed condition. Tensile Testing. Tensile tests were conducted with Instron servo hydraulic material testing machine in accordance to ASTM D3039. The specimens were cut into coupon shape (250 mm by 25 mm with 2.0 to 2.3 mm thickness) with three different fibre directions, which are 0 , 45 ̊ and 90 . The crosshead speed was set up to 2mm/min and strain gauges were used to measure the axial and lateral strain. Tests were repeated for all fibre directions. As reference, specimens that were cut at 0 ̊ were labelled as 'C', indicating that the tensile loading applied as the same direction as the carbon fibres, while at 90 direction were labelled as 'K', which stands for Kevlar and 'D' (diagonal) for the specimens cut at 45 ̊ direction.
Results and Discussion
Tensile Test Result. The stress-strain curves of the hybrid composite was shown in Figure 1 and tabulated properties were given in Table 1 . It showed that tensile modulus of specimens tested at 0° fibre direction have the highest tensile modulus and the lowest tensile modulus was recorded from the specimens tested at 45 ̊ of fibre direction. Due to the very low tensile modulus obtained from the D specimens, it was also found that the plastic deformation of this hybrid composite also could be seen from the elongation of the specimens during the test (Figure 2) . All of the specimens tested elongated approximately 1% of its initial length. This result showed that the woven hybrid composite might have best impact resistance when loading aligned diagonally.
As Kevlar fibre has lower tensile strength than carbon fibres, the tensile strength obtained from the K specimens were also slightly lower. Meanwhile, the lowest tensile strength is at 45 , where the material exhibited maximum shear strength. C1  C2  C3  C4  C5  K1  K2  K3  K4  D1  D2  D3  D4  D5 Failure Mode Analysis. Figure 3 to Figure 5 showed how the specimens fractured in all three different directions. Linear fractures of the specimens tested at carbon direction showed that the composite material failed in brittle behaviour, which proved that the carbon fibres work as a dominant role in the composite. A little fibrillation of Kevlar fibres also can be seen. For the specimens tested at Kevlar directions, Kevlar fibres showed a multi-stepped fractures, where the fibres fractures at different layers and looked like a brush at the end of the fractures (Figure 4) . It was also observed that the fibres that at the opposite of the loading angle of both sets of specimen C and specimen K did not break transversely or longitudinally but instead appeared bundle of fibres were slipping off from the weave. Meanwhile, specimens tested at 45 ̊ of fibre directions displayed different fracture modes. The material fractured at 45 ̊ off the loading direction with 'V' shape at the end of the fractures ( Figure 5 ). The fractures were multi-stepped and very few fibre fibrillations can be observed. Analysing at the area of the fractures, it were more likely to occur at the carbon fibre bundles at the centre line of the specimens, where the load was maximized with the additional shear stress. Very little traces of Kevlar fibres crack were found indicating that the fractures were mainly caused by the carbon fibre breakages and delamination of Kevlar fibres. 
Stress vs Strain

Conclusions
As the material's strength is superior at the strongest fibre, which is carbon fibre direction, the fibre direction of the woven cloth have to be considered carefully when it comes to fabricating the composite for specific applications. Low tensile modulus found at the D specimens also proved that the combination of the intimate weave of fibres and ductile Kevlar fibres have positive effect on its impact resistance.
